Serotonin-Loading Increases Granule Size and Prolongs Fusion Pore Formation in Two Types of Rat Basophilic Leukaemia (RBL) Mast Cell Analogs  by Steinbrenner, Daniel F. & Behrends, Jan C.
620a Wednesday, February 6, 2013cytoplasmic vesicles positive for Lysotracker and Zn2þ staining, when cells are
exposed to high concentrations of Zn2þ. Furthermore, lysosomal enlargement
and Zn2þ buildup in TRPML1-deficient cells exposed to Zn2þ are ameliorated
by knocking down the Zn2þ-sensitive transcription factor MTF-1 or Zn2þ trans-
porter ZnT4. TRPML1 loss is associated with a buildup of cytoplasmic Zn2þ
and with enhanced transcriptional response of mRNA for metallothionein 2a
(MT2a). These data underscore a role for TRPML1 in Zn2þ metabolism and
suggest that TRPML1 works in concert with ZnT4 to regulate Zn2þ transloca-
tion between the cytoplasm and lysosomes. This is a novel idea that has the
potential to identify a new ion transport pathway as well as to provide insights
into the function of TRPML1.
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Botulinum neurotoxin serotype A (BoNT/A) is a versatile protein therapeutic
used to treat a variety of neuromuscular and pain disorders. BoNT/A is
a 150 kDa protein consisting of three domains, including a 50 kDa receptor
binding domain (HC/A). To enter neurons, the HC/A binds a receptor complex
composed of proteins and gangliosides. Members of the synaptic vesicle (SV2)
glycoprotein family were reported to mediate BoNT/A uptake by facilitating
toxin binding and internalization during vesicle recycling in depolarized
neurons. Previously, we identified Fibroblast Growth Factor Receptor 3
(FGFR3) as a high affinity component of BoNT/A receptor complex. The inter-
action between FGFR3 and recombinant HC/A (rHC/A) was analyzed using
Cross Correlation RICS (ccRICS). Differentiated SiMa, PC-12, and SH-
SY5Y cells expressing a fluorescent FGFR3-Halo tag chimera were treated
with Alexa-Fluor633-rHC/A. These proteins move together on the membrane
of SiMa and PC-12 cells with a diffusion rate of 3.2 mm2/s and after vesicular
endocytosis, the rHC/A-FGFR3 complex diffuses at a rate of 1.1 mm
2/s. The
GccRICS (0, 0) of rHC/A and FGFR3 peaks in SiMa, PC-12, and SH-SY5Y after
2, 6, and 9 hours treatment, respectively. We investigated the trafficking of
rHC/A in PC-12 cells with GFP labeled markers for early endosomes and
synaptic vesicles. The fluorescent signal from rHC/A cross correlated with early
endosomes when the cells were treated in basal or depolarizing media. How-
ever, cross-correlation with synaptic vesicles was only observed when the cells
were depolarized. These data suggest that BoNT/A can enter neurons via the
endosomal and/or synaptic vesicle pathways depending on the cell’s polariza-
tion state. FGFR3 is part of a high-affinity receptor complex for BoNT/A in
neuronal membranes and the FGFR3-BoNT/A interaction plays a role in
productive trafficking of the toxin in neuronal cells.
3188-Pos Board B343
Role ofMechanicalProperties ofCellMediatedVesicles inMembraneFusion
Daan Vorselen1,2, Wouter H. Roos1, Jack J.W.A. van Loon2,3,
Gijs J.L. Wuite1.
1VU University, Amsterdam, Netherlands, 2ACTA-VU University,
Amsterdam, Netherlands, 3DESC, VU University, Amsterdam, Netherlands.
Cell mediated vesicles (CMVs) are endogenous particles involved in cell to cell
communication. CMVs transport proteins and RNA and offer multiple advan-
tages over conventional drug delivery systems. For example they are naturally
stable in the body and could have natural targeting properties. Synthetic gener-
ation of liposomes with similar characteristics to CMVs could result in cost-
effective drug carriers including all advantages CMVs offer. Interestingly,
most CMVs contain large amounts of cytoskeletal proteins: actin and tubulin,
but also related cross linkers and motor proteins. We hypothesize that the
cytoskeletal elements present in these vesicles contribute to their efficient
fusion with cells. In our study we compare three kinds of vesicles: natural ves-
icles excreted by blood cells (both erythrocytes and dendritic cells), empty
liposomes and liposomes containing actin filaments. First we visualize the
structure of these three types with fluorescent imaging and AFM. Furthermore,
we indent the vesicles using AFM to learn about the mechanical properties of
these small vesicles. These results, in combination with single vesicle fusion
assays, will reveal the role of the cytoskeleton in vesicle fusion.
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Philadelphia, PA, USA.Intrinsic optical changes in the mouse pituitary gland associated with secretion
exhibit three phases (waves) that reflect three distinct physiological events. The
first (E-wave) is the rapid light scattering change that is associated with a nerve
terminal volume increase (mechanical spike) that accompanies excitation of the
neurohypophysial terminals by the invading action potential (Kim et al.,
Biophys. J. 92(9) 3122-3129 (2007)); the second (S-wave) is the slower, oppo-
site change in light scattering that reflects the secretion of the peptide
hormones, oxytocin and arginine vasopressin, and the third is the long duration
response (recovery phase or R-wave) that reflects cell volume changes in the
pars intermedia. This recovery phase is sensitive to chloride replacement and
to blockade of chloride channels. Experiments that employ pharmacological
blockers of GABAA receptors (chloride channels), as well as direct bath appli-
cation of GABA, alter the R-wave in a manner that reflects GABA-induced
changes in the intrinsic optical properties of the pars intermedia (Kosterin et
al., Neuroendocrinology 92, 158-167 (2010)). Because the full time-course
of this optical response takes minutes, we suggested that, in addition to
chloride-channel opening / closing, some additional processes related to the
restoration of resting physiological chloride concentrations may occur. Indeed,
we demonstrate here that the time-course of this long term light scattering
signal is also affected by the turnover of GAT-1, the sodium- and chloride-
dependent GABA-transporter.
Supported by RO1 040966.
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Mast cells form an integral part of both innate and adaptive immunity, playing an
important role in the inflammatory response. Adverse reaction to allergens can
lead to activation of mast cells, causing degranulation and release of a range of
pro-inflammatory mediators contributing to the onset of allergy.Mast cells have
been further implicated in many other diseases associated with aberrant media-
tor release, including irritable bowel disease. Soluble N-ethylmaleimide sensi-
tive factor attachment protein receptor (SNARE) proteins have been identified
as essential proteins for the exocytosis of vesicles containing these mediators.
Inhibiting secretion though disruption of SNARE-mediated vesicle fusion could
provide a novel therapeutic strategy for a variety of inflammatory diseases.
The aim of this study was to identify and characterise SNARE proteins in-
volved in the release of inflammatory mediators in human mast cells. using
LAD 2 human mast cells, PCR identified expression of a variety of Syntaxins
and VAMPS, as well as the ubiquitously expressed SNAP 23.
To study the roles of individual VAMPS in exocytosis a novel technique
utilising pH sensitive pHluorins was developed. using VAMPS tagged with
pHluorins, we have studied the cellular distribution of VAMP 3 and VAMP
8 containing vesicles, and their behaviour upon IgE stimulation in live cells.
In unstimulated cells, VAMPS 3 and 8 were found to have distinct cellular dis-
tributions. Upon IgE stimulation both VAMP 3 and VAMP 8 containing vesi-
cles translocate to the membrane and undergo membrane fusion, consistent
with roles in exocytosis. However, their responses show distinct time courses
and calcium dependences. The data presented here supports the notion that
distinct vesicle pools, defined in part by expression of VAMP 3 and VAMP
8, regulate the release of inflammatory mediators from mast cells.
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Whole-cell capacitance/admittance recordings resolving single granule fusion
in RBL subclone 1 and 2H3 cells were analyzed to test for a relation
between granule size and the kinetics of the exocytotic event. Compared to
RBL-2H3 cells, capacitance steps in RBL-1 cells had larger median amplitude
(68.78 vs. 9.46 fF) corresponding to larger median diameter (1.48 vs. 0.55 mm)
and displayed a significantly higher per-
centage (35 vs. 1.6%) of capacitance fluc-
tuations before full pore expansion
(flicker). In both cell types, loading of
granules with serotonin (5-HT) by over-
night incubation (verified by amperome-
try) resulted in a significant increase in
median granule size (RBL-1: 111.41 fF
or 2.58 mm; RBL-2H3: 61.39 fF or
1.4 mm). Interestingly, in RBL-2H3 cells,
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a strong increase in the prevalence of capacitance flicker (to 41.5%), while
in RBL-1 cells with granule size of 170% of control, capacitance flicker oc-
cured in 41.5% of cases after 5HT loading. These results suggest that granule
size may influence fusion pore kinetics e.g. as a result of membrane curvature
favoring rapid pore expansion.
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Cyclin dependent kinase 2 (CDK2) is a well-known regulator of the cell cycle
in diverse types of cells. In pancreatic b-cells, CDKs have been the subject of
much research devoted towards increasing b-cell mass by driving proliferation
in diabetics, where there is a conspicuous loss of b-cell mass. However, mice
lacking CDK2 in their pancreatic b-cells (Pdx1-Cre:CDK2–/– mice) exhibited
glucose intolerance and reduced insulin release from isolated islets before
losing b-cell mass. To examine the underlying defects, optical imaging of
NAD(P)H/flavin autofluorescence was used to directly measure glycolytic
and mitochondrial activity, which both trigger and control refilling of the
readily-releasable granule pool in b-cells. By comparison to control islets,
Pdx1-Cre:Cdk2–/– islets exhibited a reduced baseline, slower rise time, and
a reduced maximal NAD(P)H/flavin response, which correlated with increased
mitochondrial volume in EM images. Surprisingly, Ca2þ signaling - the direct
trigger for b-cell insulin granule release - was not responsible for the observed
secretory defect since the intracellular Ca2þ oscillations of Pdx1-Cre:Cdk2–/–
islets were found to be more sensitive to glucose than control islets. Ca2þ chan-
nel activation is therefore uncoupled from both metabolism and secretion in
this model. Uncoupling of secretion may further involve the exocytotic machin-
ery, since mRNA levels of the SNARE protein SNAP25, and the glucose-
dependent priming factor RAB27A, were reduced by CDK2 ablation. Taken
together, our data indicates that CDK2maintains insulin secretion by regulating
metabolic output and plasma membrane electrical activity, and suggests
further CDK2-dependent regulation of the exocytotic machinery, roles that
are in distinct to regulation of b-cell proliferative capacity. Supported by
F32DK085960 (MJM), the NIDDK Intramural Research Program (SGR), and
R01DK46409 (LSS).
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Cholesterol plays a key role in membrane structure and secretory function of
pancreatic B cells. Prenyl molecules derived from the cholesterol biosynthesis
pathway, such as geranylgeranyl pyrophosphate (GGPP), serve as substrates
for post-translational modifications of small GTPases involved in insulin secre-
tion. However, appropriate cholesterol content is required for the maintenance
of the membrane physicochemical properties such as fluidity that directly
impact insulin granule fusion. Since statins reduce both prenyl groups and
cholesterol, our aim was to study the relative contribution of these lipid lower-
ing compounds on glucose-stimulated insulin secretion (GSIS) in insulin
secreting cells.
INS-1E cells were cultured in the absence or presence of simvastatin (SIM,
1mM) or zaragozic acid (ZGA, inhibitor of cholesterol synthesis but not of
prenyl groups, 20mM), in acute (2h) and chronic (24h) treatments; rat islets
were acutely treated with SIM. To evaluate the role of protein prenylation, cells
were treated for 24h with GGPP (20mM). Secreted insulin during 2h incubation
at 2.8 and 16.7mM glucose was quantified by radioimmunoassay. Cellular
cholesterol after treatment was measured by a colorimetric assay. Membrane
lipid rafts after 2h SIM treatment were analyzed by immunofluorescence.
Plasma membrane fluidity was measured by EPR using 5-DSA as probe.
Acute SIM reduces GSIS, but does not affect total cholesterol content, nor
membrane microdomain distribution or membrane fluidity. GSIS inhibition
was not observed after acute ZGA treatment nor after acute SIM treatment
on cells previously loaded with GGPP. Chronic SIM inhibits GSIS but
enhances cholesterol reduction and increases plasma membrane fluidity. Our
results show that protein prenylation contributes to GSIS and that plasma
membrane cholesterol content may be a critical parameter for the maintenance
of physicochemical properties that regulate cellular functions such as granule
fusion and cargo exocytosis.3194-Pos Board B349
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Insulin, mainly stored in secretory granules of pancreatic beta cells, is the major
hormone regulating glucose metabolism by complex but highly-ordered mech-
anisms. Ionotropic glutamate receptors (iGluRs) are expressed in islets and
insulinoma cells and involved in insulin secretion. However, the exact roles
that iGluRs play in beta cells remain unclear. The aim of the present study
was to elucidate the current controversy about the presence of iGluRs in beta
cells and explore their functions in insulin secretion, taking advantage of mul-
tiple techniques, including whole-cell recording in the acute pancreatic tissue
slice, single beta cell nested RT-PCR and total internal reflection fluorescence
microscopy (TIRFM). Here, we demonstrated that GluR2-containing a-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors (AMPARs) were
expressed in mouse beta cells. Glutamate application increased both cytosolic
calcium and the number of docked insulin-containing granules, which resulted
in augmentation of depolarization-induced exocytosis and high-glucose-
stimulated insulin release. While glutamate application directly depolarized
beta cells, it also induced an enormous depolarization when KATP channels
were available. Glutamate application reduced the conductance of KATP chan-
nels and increased voltage oscillations. Moreover, actions of AMPARs were
absent in Kir6.2 knock-out mice. The effects of AMPARs on KATP channels
were mediated by cytosolic cGMP. Taken together, our experiments uncovered
a novel mechanism by which AMPARs participate in insulin release.
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Translocation of glucose transporter-4 (GLUT4) to the plasma membrane (PM)
is the hallmark of insulin regulation of glucose metabolism. However, GLUT4
translocation to PM proceeds through two distinct exocytotic mechanisms:
classical fusion with dispersal and fusion with retention in specialized
GLUT4 domains (clusters). In this study we examined the properties of
GLUT4 domains and investigated insulin effect on spatiotemporal organization
of GLUT4 in PM of live adipose cells by direct microscopic observation of
single monomers tagged with photoswitchable fluorescent protein.
Using live cell fluorescent Photo-Activation Localization Microscopy
(fPALM), we tracked diffusion of GLUT4-EOS in PM, and measured lifetime
of GLUT4 molecules trapped inside the domains. While dispersed GLUT4
monomers followed Brownian motion with diffusion coefficient of
~0.09 mm2/s, GLUT4 associated with domains exhibited constrained diffusion
limited by the boundaries of the elongated domains (sized 60-240 nm). We next
analyzed the rates of GLUT4 monomer association with and dissociation from
the domains, and found that insulin stimulated the latter by ~3-fold, but did not
influence the former. Interestingly, outside the domains GLUT4 monomers
appeared to frequently collide, but did not form new domains. Rather,
GLUT4 domain formation was observed exclusively upon GLUT4 exocytosis.
Consistent with previous findings, insulin increased the probability of fusion
with dispersal (bypassing domain formation), and decreased the rate of
GLUT4 internalization from domains, thus further augmenting the total amount
of GLUT4 in PM and increasing the relative fraction of dispersed GLUT4.
All together these three effects of insulin act synergistically to shift the distri-
bution of PM GLUT4 from clustered to dispersed states and concomitantly
increase the residency time of GLUT4 monomers at the cell surface. Thus,
we propose that spatiotemporal confinement of GLUT4 in PM domains repre-
sents a novel kinetic mechanism for insulin regulation of glucose homeostasis.
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The complexity of exocytosis has left the molecular details of the process un-
clear. We present a minimal, artificial secretory cell designed for amperometric
studies of release of signalling molecules through the fusion pore of single
vesicles. In replacement of SNARE-proteins, the cell model has been equipped
with an analog composed of complimentary DNA constructs, one on the vesicle
and one on the target membrane. The DNA constructs hybridize in a zipper-like
fashion bringing about docking of the vesicles and following the addition of
